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a b s t r a c t
INTRODUCTION: Immunoglobulin G4-related disease (IgG4-RD) is an inﬂammatory condition associated
with elevated serum IgG4 levels and tissue inﬁltration by IgG4-expressing plasma cells.Wepresent a case
of adenoid cystic carcinoma (ACC) of the submandibular gland with possible involvement of IgG4-RD.
PRESENTATIONOF CASE: The patientwas a 59-year-oldman presentingwith a swollen right submandibu-
lar gland. Laboratory tests revealed IgG4 levels of 176mg/dl (reference range: 4.8–105). An initial open
biopsy for histological diagnosis showed chronic sialadenitis. The region was monitored on an outpa-
tient basis, and ﬁnally the right submandibular was totally resected because malignant tumor could not
be excluded. Histological examination of the submandibular gland showed an ACC with lymphocytic
inﬁltration containing many IgG4-positive plasma cells in the tumor stroma.
DISCUSSION: We have described a case that indicated a possible involvement of ACC with IgG4-RD.
This allows us to speculate that longstanding IgG4-RD may progress to malignancy or inﬁltration of
IgG4-positive plasma cells through the signals of tumor stimuli. Further investigations are required to
determine the potential pathogenic mechanism underlying this unique tumor.
CONCLUSION: This case underscores that caution is needed in the diagnosis of masses with high serum
IgG4 levels, as the differential diagnosis includes malignancy.
© 2015 The Authors. Published by Elsevier Ltd. on behalf of Surgical Associates Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Immunoglobulin G4-related diseases (IgG4-RDs) are a recently
recognized group of diseases characterized by elevated serum
IgG4 levels and prominent lymphoplasmacytic inﬁltration of IgG4-
positive cells into multiple organs [1]. These conditions were ﬁrst
described in relation to type 1 autoimmune pancreatitis (AIP) [2].
As more patients with IgG4-related AlP were studied, it was rec-
ognized that these patients frequently (49–80% of cases) have
other extrapancreatic sites involved with this process [3]. It is
now accepted that this disease process typically involves multiple
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organs at varying times with or without pancreatic involvement
[1,3,4].
Adenoid cystic carcinoma (ACC) is a distinctive malignant neo-
plasm that involves primarily the major and minor salivary glands,
and that accounts for approximately 10% of all malignant tumors of
the salivary glands [5]. In the present study, we report a case with
possible involvement of ACC in association with IgG4-RD.
2. Case presentation
A59-year-oldmanwithout a history ofmalignancywas referred
toour institutionbecauseof amasswith associatedpressurepain in
his right submandibular region, which he had ﬁrst noticed several
monthsearlier.Aphysical examinationdemonstrated that themass
waselastic, hardandmovable andwasnot attached to theoverlying
skin. No lingual nerve paralysis was observed. The serum amy-
lase level was elevated to 247 IU/l (reference range: 38–125), the
salivary amylase to 186 IU/l, and the pancreatic amylase to 61 IU/l
http://dx.doi.org/10.1016/j.ijscr.2015.01.022
2210-2612/© 2015 The Authors. Published by Elsevier Ltd. on behalf of Surgical Associates Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. CT ﬁndings. (A and C) Plain CT image. (B and D) Contrast-enhanced CT image shows heterogeneous contrasting mass in the right submandibular gland (arrowheads).
(reference range: 16–49). The IgG4 levels were 176mg/dl (refer-
ence range: 48–105). Although the white blood cells, eosinophil
levels, and C-reactive protein levels were within the reference
ranges, and his serum was negative for antinuclear antibody,
anti-SSA and anti-SSB. A computed topographic (CT) scan
(Fig. 1A–D) demonstrated a heterogeneous contrastingmass in the
right submandibular gland that was 30×25mm in size (Fig. 1B
and D, arrowheads). Magnetic resonance imaging (MRI) scanning
Fig. 2. MRI ﬁndings. (A and D) T1-weighted image. (B and E) Short inversion time inversion-recovery (STIR) image. (C and F) Fat-suppressed T1-weighted image. Arrowheads,
right submandibular gland lesion.
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Fig. 3. Macroscopic and histological ﬁndings of the resected tumor in the right submandibular gland. (A) Resected submandibular gland. (B) HE staining of the tumor, which
was composed of islands of basaloid cells surrounding variably sized cyst-like spaces forming cribriform structures. The inﬂammatory inﬁltrate and stromal ﬁbroblastic
tissue were observed around the tumor (B and D). Numerous plasma cells with IgG4 (C and E) and IgG4 (F) were present in the tumor stromal tissue (C) and the inﬂammatory
inﬁltrate adjacent to the tumor (E and F). Bar 25m.
showed low signal intensity on the T1-weighted image (Fig. 2A
and D), and high signal intensity on the short inversion time
inversion-recovery (STIR) image (Fig. 2B and E) and fat-suppressed
T1-weighted image (Fig. 2C and F). The clinical diagnosis was
submandibular sialadenitis. Fine-needle aspiration cytology of the
submandibular legion revealed inﬂammatory cells. To determine
whether the disease diagnosis corresponded with sialadenitis, the
patient underwent an initial open biopsy of the submandibu-
lar gland. Histological examination of the submandibular legion
showed chronic sialadenitis. A diagnosis of AIP was denied by
gastroenterological inspection. The region was followed-up in our
outpatient department, but the diagnosis was not further clariﬁed
by diagnostic imaging. The right submandibular gland was totally
resected at 12 months after the ﬁrst medical exam day because a
malignant submandibular gland tumor could not be excluded. His-
tological examination of the submandibular lesion showed ACC.
The patient was treated with postoperative radiotherapy (62Gy).
The postoperative serum IgG4 level was 99.1mg/dl at 3 months
after surgery. During the follow-up over 12 months, the patient
was healthy with no evidence of recurrence.
Macroscopically, the resected specimen consisted of a right
submandibular gland measuring 46×33×25mm with a highly
developed vasculature on the surface (Fig. 3A). The histological
sections of the submandibular gland (Fig. 3B and D) showed an
inﬁltrative tumor composedof cribriformstructures surroundedby
dense ﬁbrosis and abundant inﬂammatory cells. The plasma cells
in the tumor stroma and the non-neoplastic area adjacent to the
tumor were strongly immunoreactive for IgG4 (Fig. 3C and E) and
IgG4 (Fig. 3F). The IgG4-positive plasma cells accounted for more
than 40% of IgG-positive plasma cells.
3. Discussion
IgG4-RD is a recently recognized multi-organ system condition
with pathological features that are largely consistent across a wide
range of organ systems. It shows hyper-IgG4--globulinemia and
IgG4-positive plasma cell expansion in affected organs. In 2001,
Hamano et al. [2] showed that the IgG4 serum level in AIP patients
was increased, and this increase was ameliorated with corticoste-
roid therapy. Hamano et al. [6] later found that some AIP patients
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had retroperitoneal ﬁbrosis with abundant IgG4-positive plasma
cells. A subsequent case report [7] demonstrated retroperitoneal
ﬁbrosis, mediastinal ﬁbrosis, and increased IgG4 levels without
AIP, highlighting the spectrum of IgG4-RDs. Similar cases involving
different sites have been reported, including inﬂammatory abdom-
inal aortic aneurysms, inﬂammatory pseudotumors of the lung and
breast, chronic sclerosing sialadenitis, chronic sclerosing dacryoad-
enitis, and cholangitis [8].
ACCs of the head and neck are relatively rare tumors, account-
ing for only about 10% of all salivary gland neoplasms [5]. ACCs
are found both in the major salivary glands, including the sub-
mandibular glands, and in the minor salivary glands. These tumors
are characterized by slow, local growth and rarely spread to the
local lymph nodes. Pathologic features with perineural invasion
have been correlated with prognosis [9–11]. In our case, perineu-
ral invasion was detected histologically in the resected samples,
andpostoperative radiationwas thereforeperformed.Patientswith
ACC of the major salivary glands treated with surgery and radia-
tion have excellent overall control rates: the 5 and 10 year local
control rates are 94% and 73% [9,11,12]. Accordingly, ACC requires
long-term follow-up to track the local and distant recurrence after
initial diagnosis.
By immunohistochemistry, IgG4-positive plasma cells were
signiﬁcantly increased in the tumor stromal tissue (Fig. 3C) and the
inﬂammatory inﬁltrate adjacent to the tumor (Fig. 3E). Kojima et al.
[13] found that IgG4 plasma cell counts of more than 20/HPF were
highly speciﬁc for a diagnosis of AIP. In the present study, >40/HPF
of IgG4-positive plasma cells were found and accounted for more
than 40% of IgG-positive cells. The serum levels of IgG4 of the
patientwere increased, but the patient showed no evidence of IgG4
systemic disease. At the present time, it is unclearwhether this case
of ACC developed in the submandibular gland with IgG4-related
chronic sclerosing inﬂammation, or whether the prominent
IgG4-positive plasma cells and stromal ﬁbrosis represented
inﬂammatory and immune reactions causedby the carcinomacells.
ZenandNakanuma [14] recently reported7 (6%)malignancies in
a series of 114 patients with systemic IgG4 ﬁbrosclerosing disease;
4 developed before and 3 developed after the patient’s diagno-
sis of IgG4-RD. Several cases of pancreatic adenocarcinoma have
arisen in association with IgG4-related ﬁbrosclerosing pancreatitis
[3], and other authors have described a pulmonary adenocarci-
noma, a salivary duct carcinoma arising in IgG4 ﬁbrosclerosing
disease of the parotid gland [15,16]. Tian et al. suggested that the
association of elevated IgG4-positive plasma cells with increased
ﬁbrosis in the sclerosing variant of mucoepidermoid carcinoma
suggests a role of IgG4-positive plasma cells in ﬁbrogenesis and
may be a new concept related to sclerosis in cancer [17]. Inter-
estingly, it has been reported that IgG4-positive plasma cells are
a variable component of the intratumoral and peritumoral inﬂam-
matory response in various types of cancer [18]. The histological
sections of 5 cases of ACC treated in our department showed peri-
tumoral inﬂammationof the submandibularglandor the sublingual
gland and were characterized by diffuse lymphoplasmacytic inﬁl-
tration, IgG4-positiveplasmacells andﬁbrosis, butno IgG4-positive
plasma cells were observed (data not shown). Thus, the increased
IgG4 in this case of ACC may represent a secondary response
to a primary immune-mediated process caused by an unknown
tumor-associated stimulus. Some cytokines, such as tissue inter-
leukin (IL)-10 and transforming growth factor-, are suggested to
be involved in the process inducing increased IgG-4 positive cells
and ﬁbrosis [19]. It is possible that increased IL-10 and TGF- in the
tumor microenvironment might be involved in the pathogenesis
of ACC. However, the biological signiﬁcance of inﬁltrating IgG4-
positive plasma cells and elevated serum IgG4 levels in patients
with ACC remains to be elucidated.
4. Conclusion
Here,wehave described a case that indicated a possible involve-
ment of ACC with IgG4-RD. This allows us to speculate that
longstanding IgG4-RD may progress to malignancy or inﬁltration
of IgG4-positive plasma cells through the signals of tumor stim-
uli. Further investigations are required to determine the potential
pathogenic mechanism underlying this unique tumor. This case
underscores that caution is needed in the diagnosis of masses with
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